ABSTRACT
INTRODUCTION
Symptomatic knee osteoarthritis (OA) is one of the most frequent causes of physical disability and pain among adults, affecting 12% of the U.S. population (5) . It has been estimated that nearly half of all Americans will develop symptomatic OA in at least one knee by age 85 (22) . Recent Osteoarthritis Research Society International (OARSI) recommendations for hip and knee OA management (33 -35) reported 20 interventions were universally recommended by the published treatment guidelines reviewed. While OARSI failed to confirm the efficacy of some of these common treatments, e.g., ultrasound, massage, and heat/ice therapy (34) , they continue to find good evidence for the efficacy of exercise interventions (35) .
Various therapeutic exercise prescriptions have been used to help ameliorate knee OA symptoms and improve physical function related to activities of daily living (3, 4, 6, 8, 10, 13, 21, 28) . Due to the prevalence of quadriceps weakness in persons with knee OA, leg strength training is commonly used in intervention programs (3, 21) . Some evidence suggests that shorter programs that incorporate kinesthesia, balance and agility (KBA) techniques may result in more rapid symptom relief and functional improvements in comparison to traditional therapeutic exercise (6, 8) .
KBA techniques are designed to improve dynamic joint stability using a series of physical activities which challenge a participant's neuromuscular system to maintain balance and coordination. Most frequently, KBA is used to rehabilitate and prevent anterior cruciate ligament ruptures (11, 18, 19, 26) and ankle sprains (7, 20, 31) among athletes. KBA training has also been applied successfully in the rehabilitation of a 10-year old girl with bilateral knee juvenile rheumatoid arthritis (23) . Among older persons, KBA training techniques, primarily balance training, are frequently used in fall prevention programs (17, 30) . In recent years KBA training has been employed as a knee OA intervention. In a case study of an elderly female patient with dynamic knee instability related to OA, physical therapists reported success with a combination of KBA and therapeutic exercise (8) . The patient's recovery and return to recreational sports was rapid given that the program was only 12 sessions (2 per week for 6 weeks).
It has been established that proprioceptive acuity [i.e. the awareness of joint position (joint position sense), joint movement (kinesthesia), and sense of resistance (14) ] declines both with age and as a result of osteoarthritis (29) . These proprioceptive deficits may contribute towards reduced dynamic knee stability. KBA is designed to decrease proprioceptive impairment by using agility and balance exercises to activate, challenge, and adapt the nervous system's proprioceptors. Decreasing proprioceptive deficit would thereby increase dynamic knee stability and improve activities of daily living function. In addition, joint instability and frontal plane joint laxity has been cited as a probable causative factor in both the development of knee OA and the further erosion of articular cartilage among persons with knee OA (15, 16, 27) . Improved joint stability has the potential to both improve symptoms and slow the disease's progression.
While empirical evidence is promising (3), only two published clinical trials of KBA training among persons with knee OA could be located (6, 28) . The authors of an 8-week clinical trial (6) concluded that the addition of kinesthesia and balance exercises to strength training had added benefits over strength training alone in terms of all functional outcomes measured. However, it is unclear if the greater benefits obtained by the kinesthesia group are a direct result of the special training or simply from the greater total volume of training completed. Sekir and Gur (28) used a simple 6-week, two times per week multistation KBA type exercise program to improve postural control, functional capacity, and knee pain among 22 persons with bilateral knee OA. Although the study group was small and the program had some strength training related elements included (i.e. stair climbing and chair rises), it does provide the only known published evidence to suggest that KBA type exercises in the absence of a specific strength training program may be beneficial.
With the exception of Sekir and Gur (28) , KBA training for patients with knee OA has been advocated or studied only as an adjunct to traditional therapeutic training (e.g., 6, 8) . The purpose of this pilot study was to determine the potential efficacy of KBA training as a stand alone intervention to improve physical function among persons with knee OA prior to embarking on a large scale clinical trial. A comparison was made with a "standard treatment" strength training protocol. It was hypothesized that KBA training would be more effective than strength training for improving physical function among persons with knee OA.
METHODS

Participants
Twenty participants (69.3 SD 11.4 y) with physician diagnosed knee OA were recruited from the Tampa Bay Florida region via announcements, advertisements, word of mouth, and physician referral. Study inclusion and exclusion criteria are presented in Table 1 . Among participants with bilateral knee OA the most symptomatic knee on the first day of testing, in the judgment of the participant, was designated as the study joint. A flow chart of participant recruitment is presented in Figure 1 . 
Protocol
The study was approved by The BayCare Pasco-Pinellas Institutional Review Board and registered at ClinicalTrials.gov (NCT00519922). A dynamic entry cohort was used. Testing was conducted at a notfor-profit research institute in Clearwater, Florida, USA. After explaining the risks, benefits, and procedures of the study, written informed consent was obtained. All baseline measures were repeated only at follow-up (8 weeks), with the exception of the osteoarthritis specific Western Ontario and McMaster University (WOMAC) scale (2), which was administered every two weeks. Height, weight, blood pressure, heart rate and a medical history were completed. Three paper and pencil surveys were administered: the Human Activity Profile (HAP) (9); the Self-Efficacy for Exercise (SEE) scale (25) , and the WOMAC scale. WOMAC consists of three sub-scales titled: Pain, Stiffness, and Difficulty Performing Daily Activities [physical function (PF)]. PF was the primary outcome variable. Ancillary activities of daily living (ADL) outcomes included a timed 15-meter Get Up & Go (GUG) walk, timed 10-stair climb, and timed 10-stair descent. Reliability of GUG among persons with knee OA has been established (24) .
Human Activity Profile HAP estimated participants' physical activity levels (outside the exercise program). HAP provides a Maximum Activity Score (MAS) which is the "highest oxygen-demanding activity that the respondent still performs" and an Adjusted Activity Score (AAS), "a measure of usual daily activities" (9).
Self-Efficacy for Exercise Scale
The SEE Outcome Expectancy for Exercise Positive (POEE) and Negative (NOEE) subscales determined participants' beliefs about the benefits of exercise. SEE uses a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree). Higher mean POEE scores indicate a more positive view of exercise benefits, while higher NOEE scores indicate a more negative view of exercise consequences.
Knee Stability
To assess knee stability, participants responded to the following question from the knee outcome survey -activities of daily living scale (KOS-ADLS) (12) 
Timed Functional Tests
All functional test protocols were explained and demonstrated by the investigator and timed with a stopwatch. GUG used two armless folding chairs placed 15 meters apart. The participant sat with arms folded across the chest. At the command "go" the participant rose from the chair, unfolded the arms, and walked as quickly as possible past the opposite chair. The fastest of three trials was recorded. For the stair climb, the participant stood at the bottom of the staircase. At the command "go" ten 15 cm high stairs were climbed as fast as possible. The stopwatch was stopped when both feet were on the landing. One trial was given and the time recorded. The same process was used from the top of the staircase for the stair decent. Participants were instructed not to pull themselves along the hand rail and to use a step over step pattern if possible.
Exercise Interventions
Using a random number table algorithm, participants were randomly assigned to a KBA group or comparator strength training (ST) group by a clerical staff member as they entered the study. Both were conducted in a not-for-profit hospital based wellness center in Clearwater, Florida, USA. Sessions were led by one of two instructors. Each holds an exercise science bachelors degree and is an American College of Sports Medicine Certified Health Fitness Specialist. The instructors were trained by the lead investigator, who also monitored sessions every 2-3 weeks to ensure protocols were followed. Both eightweek exercise interventions consisted of three 30 minute sessions per week on a Monday, Wednesday, Friday schedule. Both groups completed a five-minute walking warm-up and post-workout static stretching of the calf, hamstring, and quadriceps muscles. All exercises were progressed based on an individual participant's tolerance for the given exercise. KBA agility exercises (Table 2) , were completed at a walking pace and progressed by adding more steps or increasing the pace. One set of agility exercises was conducted. Participants began with approximately 15 steps of each exercise and progressed to a maximum of approximately 75 steps. For balance training, Thera-Band® Stability Trainer pads (The Hygenic Corporation, 1245 Home Avenue, Akron, Ohio, USA) at 3 levels of softness were used. The pads allowed both appropriate starting difficulty and progression of difficulty level (i.e. the softer the pad, the greater the difficulty). Participants first demonstrated safe static balance on a stable surface (i.e. one-footed standing on floor for 10 seconds without losing balance) prior to progressing to the first level of the stability trainer pads. Once a participant demonstrated safe balance with both feet on the pad, he or she was progressed to one-footed standing on the pad. It was not required that any given participant progress through all levels of instability when a lower level continued to prove adequately challenging. Dynamic balance activities progressed in the same manner. Dynamic balance included the addition of small, rapid bouncing movements. In addition to softer pads, dynamic balance difficulty progressed with the addition of limb movements to further perturb balance and stimulate neuromuscular control mechanisms. Up to three sets of up to 30 seconds of each balance exercise were conducted. Table 2 . KBA Agility Exercises.
Wedding march:
Step forward and slightly to one side with leading foot, bring trailing foot together with leading foot; alternate leading foot Backward wedding march: As above, stepping backward High knees march: Walk forward while flexing hip about 90 degrees Side stepping: Stand with feet together, step to side with leading foot, bring trailing foot back to leading foot; repeat for prescribed number of steps, then repeat in opposite direction Semi-tandem walk: Walk heel-to-toe with heel landing just in front of and medial to great toe of opposite foot Tandem walk: Advanced version of above; heel lands directly in front of opposite foot Cross-over walk: Walk forward bringing each foot across midline of body Modified grapevine : Step to side with right foot, bring left foot behind right, step to side with right, bring left in front of right; repeat for prescribed number of steps; change leading foot and repeat in opposite direction Toe walking: Walk forward on toes Heel walking: Walk forward on heels All training for the ST condition was conducted on stable surfaces (i.e. standing, on floor, or sitting in a chair) and was primarily composed of open chain exercises to reduce any unintended KBA training transfer effects. ST utilized body weight and Thera-Band® color coded latex-free exercise bands (The Hygenic Corporation, 1245 Home Avenue, Akron, Ohio, USA) to provide resistance. Resistance exercises (Table 3) were progressed according to the individual participant's improvement by increasing repetitions or going to the next level of resistance band. Participants performed 10 -15 repetitions of each exercise. Participants began with the heaviest band tolerable, pulled to a length that safely and comfortably allowed completion of the prescribed number of repetitions for each exercise with good form (e.g., a 10 or 15-repetition maximum or RM). If a given participant was not able to complete the prescribed RM for a given exercise with the lightest (yellow) resistance band, he or she began with the greatest number of repetitions tolerable. Once the prescribed RM of a given exercise could be completed without difficulty, the next level of resistance band was used. Participants generally increased one, and in some cases two, resistance levels over the course of the eight weeks. Table 3 . Strength Training (ST) Exercises.
Seated resistance band exercises:
Ankle extension, ankle flexion, knee extension, knee flexion, hip abduction, hip adduction, hip internal rotation, hip external rotation, leg press (hip and knee extension) Other: Standing hip hyper-extension with resistance band; standing wall slides (partial squats) with a small "play ball" behind the back; supine heel slides (hip and knee flexion and extension)
Statistical Analysis
The pilot study evaluated the difference in physical functioning between two groups: KBA and ST.
KBA and ST are the independent variables. Subjects were tested at weeks 0, 2, 4, 6, and 8 with the WOMAC. The repeated measures ANOVA is the obvious statistical test for these data. This ANOVA would test for a difference between the overall response profiles between the KBA and ST groups. However, as we had an unbalanced design (i.e. unequal # of subjects between the KBA group and the ST group) and some missing data, it was prudent to select an alternate statistical approach. We utilized the paired t-test which affords the ability to control for variation among our study subjects (32) . Ttests were run to quantify if the changes in scores within groups were significantly different from zero (p < 0.05) at the four study time points (weeks 2, 4, 6, and 8). Ttests were also run with the ancillary outcomes (baseline versus follow-up) for the same purpose. Unpaired T-tests were run to quantify if the changes in scores between groups were significantly different from zero (p < 0.05). Statistical Analysis Software (SAS) Version 9.1.3 (SAS Institute, Cary, NC) was used for all analyses.
RESULTS
Participant characteristics at baseline are presented in Table 4 . Fifteen of the 20 participants completed the study; six of eight in the KBA group and nine of 12 in the ST group. Only data from participants that completed the study could be analyzed. If there were missing data at a given time point, the baseline score of the participant with missing data was not factored into the mean for that baseline versus time-point analysis. Both KBA participants that discontinued cited increased knee pain. Among the three ST participants that discontinued, one reported an increased sensation of a "collapsing knee" and the other two cited reasons unrelated to the study.
WOMAC results are presented in Table 5 . In cases where a participant was not available to complete the WOMAC at a given time point, only baseline versus time point results of the participants with complete data at that time point could be analyzed. Ancillary results are presented in Table 6 . HAP MAS improved at week 8 follow-up only in KBA (p < 0.05). Both KBA and ST reported improved knee stability on the KOS-ADLS question (p < 0.05). While the absolute improvement on the three timed activities was greater for the KBA group, GUG and stair descent reached statistical significance only in the ST group (p < 0.05). No significant between group differences were found on ancillary outcomes. 
DISCUSSION
Despite the limitations of the study, most notably participant numbers, both KBA and ST appeared to improve symptoms and physical functioning among middle-aged and older persons with symptomatic knee osteoarthritis. Both groups reported an improved sensation of knee stability after the 8-week exercise programs. Improved knee stability is hypothesized to be responsible for symptomatic improvements among persons with knee OA (3, 8) . On each WOMAC sub-scale, both groups exceeded an established minimum clinically important improvement of 20 -25% (1) from week 4 onward. The HAP MAS result indicates that the KBA group improved their maximal functional capacity for community based physical activity. HAP AAS improved similarly but did not reach statistical significance. HAP MAS and AAS were virtually unchanged with ST. KBA appears to be a promising stand-alone intervention for improving function, given our finding that the differences in change scores were not significantly different between KBA and strength training, an accepted intervention for knee OA symptoms. Percentage improvements in pain and stiffness were also similar between the two groups, and community physical activity levels improved only in KBA. These results complement those of Sekir and Gur (28) in supporting the potential of KBA as an independent treatment option. Our results also provide the first indication that KBA might improve physical functioning more rapidly than ST (KBA, 31 % PF improvement at week 2 versus no change with ST).
It remains to be determined if a combination of these two interventions, as employed by Fitzgerald, et al. (8) , and in a clinical trial by Diracoglu, et al. (6) , would be superior to either alone. Further research is needed to compare independent KBA and ST protocols to combination protocols in order to determine the most efficacious approach.
These results are encouraging but must be interpreted within the study limitations. Due to the pilot nature of this study the sample size was small, and there was not adequate power to show statistical significance of differences between groups. The results of the pilot study justify the need for further research on the independent effects of KBA exercise training, a simple, cost-effective, potentially home-based treatment.
Summary and Conclusion
Symptomatic knee OA is a common and growing condition that limits physical activity and mobility among many older persons. Among non-surgical options, various exercise therapies have been consistently beneficial for ameliorating knee OA symptoms (35) . Still, it is important to define efficacious exercise protocols that are easy for patients to learn and apply. Our preliminary results indicate that a simple program of balance and agility exercises may improve physical function, decrease knee instability and increase physical activity levels. Should larger, follow up studies validate these findings we would more confidently be able to advocate KBA programs as an intervention to provide an enjoyable, easy to conduct set of exercises to improve the symptoms of knee osteoarthritis.
